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Abstract
Provision of optimum healthcare for infants with atypical 
genitalia requires a clear understanding of the occurrence of 
this condition. The objective of this study was to determine 
the prevalence of atypical genitalia and its initial manage-
ment. A prospective, electronic survey of clinicians within 
managed clinical networks in Scotland was undertaken be-
tween 2013 and 2019. Notification from clinicians was 
sought for term neonates requiring specialist input for atyp-
ical genitalia. Additional information was also sought from 
the 4 regional genetics laboratories that provided details for 
neonates who had an urgent karyotype performed for atyp-
ical genitalia or sex determination. In total, the study identi-
fied 171 term infants who required some investigation for 
atypical genitalia in the neonatal period, providing a birth 

prevalence of 1:1,881 term births. Of the 171 infants, 97 
(57%) had specialist input over the first 3 months of life, pro-
viding a birth prevalence of 1:3,318 term births that received 
specialist input for atypical genitalia. A total of 92 of these 97 
cases had complete 3-month follow-up data, 62 (67%) pre-
sented within 24 h of birth, and age at presentation ranged 
from birth to 28 days. Age at sex assignment ranged from 
birth to 14 days, and in 63 cases (68%), sex assignment oc-
curred at birth. Thus, the birth prevalence of a case of atypi-
cal genitalia where sex assignment was reported to be de-
layed beyond birth was estimated at 1:11,097 births. In 1 
case sex was re-assigned at 3 months. Atypical genitalia re-
quiring specialist input within the first month of life are rare 
in term newborns, and in only a third of these cases, sex as-
signment is delayed beyond birth. This study provides new 
clinical benchmarks for comparing and improving the deliv-
ery of care in centres that manage these conditions.
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Introduction

Although sex assignment usually occurs immediately 
after birth, in situations where the child is born with atyp-
ical genitalia, assignment may be delayed or the child may 
undergo sex reassignment within a few days of birth. A 
delay in sex assignment or the event of reassignment is 
extremely stressful for parents [Sandberg et al., 2012]. 
Current guidelines highlight the need for expert commu-
nication, emotional support, and thorough clinical evalu-
ation during this period of potential uncertainty [Hughes 
et al., 2006; Ahmed et al., 2016]. To plan health care dur-
ing this period, there is a need to understand the preva-
lence of atypical genitalia. Population studies using linked 
hospital datasets suggest that atypical genitalia may occur 
in 1:300 births [Ahmed et al., 2004]. On the other hand, 
complex forms of atypical genitalia have been reported to 
occur in about 1:1,000 births [Aydin et al., 2019]. Whilst 
a recent hospital-based study has also reported a similar 
birth prevalence in the immediate neonatal period [Rodie 
et al., 2011], another study has reported that atypical gen-
italia may be much commoner occurring in almost 2% of 
births [Ameyaw et al., 2019]. In some cases of atypical 
genitalia, especially the complex forms, immediate sex as-
signment may not be possible, and it is recommended 
that in such cases sex assignment should be delayed 
[Acherman and Hughes et al., 2017]. Ambiguous genita-
lia where sex assignment on expert examination is diffi-
cult is reported to occur in about 1:5,000 births [Thyen et 
al., 2006]. However, the extent of variation in the genitalia 
is a continuum, and it is possible that delayed sex assign-
ment may occur more frequently. Currently, there are no 
published reports that have systematically studied the ex-
tent of delay in sex assignment. A possible marker of de-
layed sex assignment is the infant with atypical genitalia 
who requires chromosome analysis, traditionally by 
karyotype, in the immediate neonatal period. Given that 
the karyotype is also a recommended first-line investiga-
tion in all cases that require multidisciplinary specialist 
input for a suspected disorder of sex development (DSD) 
[Ahmed et al., 2016], an assessment of its performance 
may also allow an understanding of the cases that may be 
considered to have genitalia that are sufficiently atypical 
to require expert evaluation. A previous registry-based 
study suggested that a karyotype may be performed with-
in the first 10 days in about 1:1,300 infants [Rodie et al., 
2011]. Thus, the occurrence of atypical genitalia is very 
variable and depends primarily on the definition of this 
condition. Clarity of evidence in this field would not only 
allow improved service delivery through the develop-

ment of care pathways and targeted education and train-
ing but would also allow the development of benchmarks 
of clinical practice. We believe that the defining of atypi-
cal genitalia by the timing of sex assignment is not only a 
more objective method of capturing the occurrence of 
atypical genitalia but it also allows the integration of a 
measure of quality of care into this statistic.

In Scotland, the clinical care of a range of rare condi-
tions in children and adults is coordinated through man-
aged clinical networks (MCN), such as the multidisci-
plinary Scottish DSD Network (SDSD) (www.sdsd.scot.
nhs.uk) and the Scottish Paediatric Endocrine Group 
(SPEG) (www.speg.scot.nhs.uk). Members of these 2 net-
works form the entire group of specialist clinicians who 
would become involved in any case of an infant with atyp-
ical genitalia that requires expert input. The aim of the 
current study was to utilise these clinical networks to an-
alyze the prevalence and understand the presentation of 
atypical genitalia in the newborn period, focusing pri-
marily on delayed sex assignment and its management.

Methods

Monthly emails were sent to all consultant pediatricians, pedi-
atric surgeons, pediatric urologists, and pediatric endocrinologists 
who were members of SDSD and SPEG between July 2013 and 
December 2019, asking them to report any cases of atypical geni-
talia. Case notification was restricted to infants who were ≥37 
weeks gestation with any form of atypical genitalia that required 
specialist pediatric surgical or endocrine input at <4 weeks of age. 
Preterm infants were not included in this study as assessment of 
their genitalia is often complicated by the effects of prematurity on 
the genitalia. Positive notifications were followed-up by a ques-
tionnaire that enquired about the care received at the centre where 
the child was born as well as the specialist centre where the child 
may have been referred or transferred to for specialist care over the 
first 3 months of life (online suppl. Table 1 and suppl. Fig. 1, 2; see 
www.karger.com/doi/10.1159/517327 for all online suppl. mate-
rial). Clinical details were also obtained through this question-
naire. The extent of virilisation of the external genitalia was de-
scribed as the external masculinisation score (EMS) and as previ-
ously reported [Ahmed et al., 2000]. Clinicians who did not 
respond to the monthly email for 3 consecutive months were re-
moved from the email circulation list. Birth prevalence was calcu-
lated by using annual live birth rates in Scotland as the denomina-
tor (https://www.nrscotland.gov.uk). Term birth rate was calcu-
lated using a figure of 8% preterm births in Scotland (www.
europeristat.com).

In addition, all 4 regional NHS genetics laboratories that cover 
Scotland were contacted every 6 months from July 2013 to Decem-
ber 2019 to obtain information on all newborns that had an urgent 
karyotype within the first 4 weeks of life for atypical genitalia or 
sex assignment using the codes “sex” or “genitalia”. The requesting 
clinician was sent the study questionnaire to complete.
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All continuous data are described as medians and ranges. In-
tergroup comparison of categorical and continuous variables was 
performed using the χ2 test and the Mann Whitney U test, respec-
tively, and p < 0.05 was considered to be an appropriate level of 
significance.

Results

Monthly Survey
Between July 2013 and December 2019 the number of 

monthly responses ranged from 16 to 22, and the median 
(range) monthly response rate to the survey was 78% (55, 
91). Over this period, 94 infants were reported through 
the surveys. Of these infants, 67 (71%) fulfilled the inclu-
sion criteria and of the remaining 27 infants, 16 were ex-
cluded because of prematurity, and the remaining 11 
were duplicate notifications. An additional 30 cases were 
identified through the regional genetic laboratories pro-
viding a total of 97 cases (Fig. 1). Using the total live term 
birth rate of 321,811 births in Scotland over the duration 
of the survey, the birth prevalence of atypical genitalia in-
volving specialist input within the first month of birth in 
term newborns in Scotland was calculated as 1:3,318. Of 
these 97 cases, data up to 3 months of age were available 
in 92 (95%).

Cases Not Fulfilling all Notification Criteria
There is one group of infants amongst those who did 

not fulfil all the notification criteria that deserves further 
attention. Of the 197 infants who had a karyotype per-
formed by the genetics laboratories, 44 were excluded as 
preterm, 49 had already been notified through the clini-
cian survey, and 30 were identified as true cases which 
had not been notified. This left a group of 74 infants, of 
which 18 had normal genitalia, 3 died, and 53 were man-
aged in their local centres without specialist input within 
the first 4 weeks of life (Fig. 1). The presentation in these 
53 infants included bilateral undescended testes in 34 
(64%), hypospadias in 6 (11%), suspected clitoromegaly 
in 7 (13%), concerns regarding a prenatal sex chromo-
some variation in 2 (4%), micropenis in 2 (4%), and non-
specific atypical genitalia in 2 (4%). Of these 53 cases, 29 
(55%) were referred for a specialist endocrine or surgical 
opinion after the age of 4 weeks. These included 22 cases 
of bilateral undescended testes, 6 hypospadias, and 1 sex 
chromosome variation (47,XXY). When the 74 term in-
fants who had an urgent karyotype performed but did not 
have specialist input were combined with the 97 cases that 
did have specialist input (total 171), for calculation of the 
birth prevalence of atypical genitalia where there is suf-
ficient concern to perform a karyotype within the neona-
tal period, this resulted in a figure of 1:1,881 births (Fig. 1).

Genetics Laboratory
n = 197

Clinician Survey
n = 94

n = 79

• Managed locally, n = 53
• Preterm, n = 44
• Normal genitalia, n = 18
• For Palliation, n = 3

n = 67n = 30

Notification

Cases already notified by
Clinician Survey, n = 49 

True cases

n = 97

• Duplicate notification n = 11
• Preterm, n = 16

Fig. 1. Total number of cases notified by the survey and identified through the genetics laboratories.
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Description of Presentation
Of the 92 term infants with complete 3-month data, 43 

(47%) presented at birth, 20 (22%) presented within 24 h 
of birth, and the remainder presented after 24 h. Of these 
92 infants, 64 (70%) and 20 (22%) were 46,XY and 46,XX, 
respectively, whilst the remaining 8 (8%) had a range of 
sex chromosome variations with a Y chromosome com-
plement. Of the 92 infants, 40 (43%) had required a pe-
riod of intensive care, high dependency, or special care. 
For XY cases, diagnostic categories included non-specific 
XY DSD (n = 55), complete androgen insensitivity syn-
drome (CAIS) (n = 3), bladder exstrophy (n = 2), partial 
gonadal dysgenesis (n = 2), congenital adrenal hyperpla-
sia (CAH) (n = 1), and persistent Müllerian duct syn-
drome (n = 1). For XX cases, diagnoses included congen-
ital adrenal hyperplasia (n = 8), non-specific clitoromeg-
aly (n = 5), atypical genitalia (n = 4), cloacal anomalies  
(n = 2), and disorder of Müllerian development (n = 1). 
This last case was detected as the infant was admitted for 
neonatal care for an imperforate anus.

Sex Assignment
Of the 92 term infants with complete 3-month data, 

66 (72%) were initially assigned a male sex and 26 (28%) 
were assigned a female sex. Of the 72 infants who were 
46,XY or had a Y chromosomal complement, 66 (92%) 
were assigned a male sex and the remainder a female sex. 
Of the 20 46,XX infants, 19 (95%) were assigned a female 

sex, and 1 infant was assigned male but re-assigned to the 
female sex when she was diagnosed with congenital ad-
renal hyperplasia at 28 days of life. Thus, 6 out of 26 
(23%) assigned a female sex were 46,XY or had a Y chro-
mosomal complement. The age at sex assignment ranged 
from birth to 14 days. Of the 92 infants, 63 (68%) had sex 
assignment at birth, 4 (4%) by day 1 but not at birth, 24 
(26%) by day 7, and 1 (1%) by day 14 (Fig. 2). Thus the 
birth prevalence of a case of atypical genitalia where the 
sex assignment was reported to be delayed beyond birth 
was estimated at 1:11,097 term infants. The 13 cases who 
were 46,XY or had a Y chromosomal complement, and 
in whom sex was assigned on day 3 or later, included 
non-specific XY DSD (n = 10) and partial gonadal dys-
genesis (n = 3). The median (range) EMS in this group 
who were assigned sex on day 3 or later was 5 (2, 9) com-
pared to 8 (0, 12) for those assigned sex at an earlier age 
(p = 0.047).

Involvement of Specialist Multidisciplinary Team
Of the 92 cases, 86 (93%) of the families met a neona-

tologist or general paediatrician within the first 3 months, 
68 (74%) a paediatric endocrinologist, 59 (64%) a paedi-
atric surgeon or urologist, 21 (23%) a clinical geneticist, 
20 (22%) an endocrine nurse specialist, and 12 (13%) a 
clinical psychologist (Fig. 3). In the 72 infants who had an 
XY karyotype or a Y chromosome complement, the me-
dian (range) number of health professionals encountered 
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Day 3 Day 4 >Day 4Fig. 2. Age at sex assignment and external 
masculinisation score (EMS) in the infant 
with a XY karyotype or with a karyotype 
containing a Y chromosome.
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by those cases with an EMS <6, EMS 6–9, and EMS >9 was 
4 (2, 6), 2 (2, 5), and 3 (2, 5), respectively (Fig. 3). Of the 
69 infants where psychology information was available, 
the median (range) EMS of the infants whose parents met 
a psychologist (n = 12) and did not meet a psychologist 
(n = 57) was 3 (0, 9) and 8 (0, 12), respectively (p = 0.01). 
Of the 18 infants with an XY karyotype or who had a Y 
chromosome complement who had delayed sex assign-
ment after birth, the parents of 4 infants (22%) met a psy-
chologist. Of the 18 infants with an XY karyotype or who 
had a Y chromosome complement and an EMS <6, 7 
(39%) had involvement with a psychologist and of these, 
4 (57%) had delayed sex assignment.

Investigations
Other than the karyotype, the more common investi-

gations performed in cases of 46,XX DSD were serum 
urea and electrolytes, pelvic ultrasound scan, and serum 
glucose levels within the first 3 months of life. In the 72 
infants with an XY karyotype or a Y chromosome com-
plement, the more common investigations, other than the 
karyotype, within the first 3 months were serum urea and 
electrolytes, serum testosterone, and pelvic ultrasound 
scan (Table 1). Apart from the hCG stimulation test and 
serum dihydrotestosterone, all investigations, including 
analysis of urinary steroid excretion, were usually per-
formed within the first week of life.
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EMS <6 (n = 18) EMS 6-9 (n = 45) EMS >9 (n = 7)
Fig. 3. Percentage of healthcare profession-
als involved in the care of XY DSD infants 
by EMS category. EMS, external masculin-
isation score.

Number of 
infants (%)

Median age at 
test, days (range)

Median EMS 
(range)

Urea and electrolytes 57 (79) 2 (1, 24) 8 (0, 12)
Ultrasound scan of pelvis 52 (72) 3 (1, 58) 7 (0, 12)
Testosterone 51 (71) 3 (1, 86) 7 (0, 12)
Anti-Müllerian hormone 43 (60) 3 (1, 30) 7 (0, 10)
Androstenedione 39 (54) 3 (1, 86) 8 (1, 12)
Glucose 28 (39) 2 (1, 7) 7 (1, 12)
Cortisol 28 (39) 3 (1, 11) 6 (1, 9)
Urinary steroid analysis 24 (33) 5 (1, 46) 6 (1, 12)
Luteinizing hormone 20 (28) 3 (1, 77) 6 (1, 9)
Follicle stimulating hormone 19 (26) 3 (1, 77) 6 (1, 9)
Dihydrotestosterone 11 (15) 5 (3, 86) 6 (2, 9)
ACTH level 10 (14) 6 (3, 27) 9 (4, 9)
HCG stimulation 8 (11) 33 (1, 89) 9 (0, 10)

ACTH, adrenocorticotrophic hormone; HCG, human chorionic gonadotrophin

Table 1. Investigations performed within 
the first 3 months of life in the 72 infants 
with a Y chromosome complement with 
atypical genitalia at birth.
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Discussion

Over a period exceeding 7 years, the birth prevalence of 
atypical genitalia requiring specialist input by a member of 
a managed clinical network within the first month of life in 
term newborns in Scotland was calculated as 1:3,318. This 
is more common than previously reported and probably 
reflects the differences in definition [Thyen et al., 2006]. 
The current study had not included preterm infants as as-
sessment of their genitalia is often complicated by the ef-
fects of prematurity on the genitalia. Cross referencing of 
the reported cases with the regional cytogenetic laborato-
ries proved to be an additional strength of this study as it 
allowed the identification of 2 important groups of cases. 
Firstly, there were some cases that had not been notified by 
the participating members of the specialist clinical net-
works. Secondly, it identified another group of infants who 
had a karyotype performed as part of routine evaluation 
because of some concern regarding sex development but in 
whom expert input from the specialist clinical networks was 
not sought during the neonatal period. Inclusion of this 
group for calculation of the birth prevalence of atypical gen-
italia where there is sufficient concern to perform a karyo-
type within the neonatal period provided a figure of 1:1,881, 
which is similar to that reported in a previous retrospective 
study [Rodie et al., 2011].

Despite this level of frequency of concerns regarding 
sex development at birth, the birth prevalence of delayed 
sex assignment defined as sex assignment at any time 
point beyond birth was only reported to occur in 1:11,097 
term newborns, and there were no cases where sex was as-
signed after 2 weeks of age. In addition, there was only 1 
case of sex reassignment within the first 3 months of life. 
Thus, over the study period, a delay in assigning sex be-
yond birth was an extremely rare occurrence, and al-
though this was more likely in those infants who were XY 
and had less virilised genitalia, this was not always the 
case. The general recommendation is to delay sex assign-
ment until completion of a thorough expert evaluation 
[Ahmed et al., 2016]. Given that an urgent query for X and 
Y specific probes may take 2 working days, the current 
study of contemporary practice in Scotland suggests that 
sex assignment as reported by the clinical staff is per-
formed at a very early stage in cases of atypical genitalia 
and often well before seeking expert opinion or undertak-
ing specialist investigations. Recent studies of temporal 
trends in sex assignment in DSD suggest that affected in-
fants with an XY karyotype are more likely to be raised as 
male, irrespective of the extent of virilisation of the exter-
nal genitalia [Kolesinska et al., 2018], and it is possible that 

this shift in practice may be another explanation for the 
relatively short time taken to assign sex in the current 
study. Given that parents themselves and the health care 
staff who were present at birth were not interviewed di-
rectly, it is unclear whether there was any uncertainty 
amongst parents regarding sex assignment in those cases 
who were reported by health care staff to have been as-
signed sex at birth. Interviews with parents with newborns 
with a wide range of genital atypicality do have concerns 
regarding long-term outcomes related to gender [Duiguid 
et al., 2007; Timmermans et al., 2019]. As this is the first 
systematic study of age at sex assignment, the reported 
data represent a new clinical benchmark that needs fur-
ther study and comparison to practice elsewhere.

In the current study, the assessment of the involvement 
of the DSD multidisciplinary team in the care of newborn 
infants with DSD was compared against recent guidance 
for the UK [Ahmed et al., 2016]. Almost all infants that 
satisfied the reporting criteria were seen by a neonatal-
ogist or a paediatrician and the majority by a pediatric 
endocrinologist or a pediatric surgeon/urologist within 
the first 3 months of life. However, only a small propor-
tion were seen by a psychologist, and this was not depen-
dent on whether there was any reported delay in sex as-
signment. Previous studies suggest that the appearance of 
the external genitalia may not be a good indicator of the 
extent of distress experienced by parents [Duiguid et al., 
2007], and the reported practice in the current study seems 
to correspond to this observation. However, even then, 
psychological support had not been provided in the first 3 
months in over 78% of cases where sex assignment was 
reported to have been delayed. It was reassuring that there 
was some evidence of targeting restricted psychology re-
sources to those cases that were severely undermasculin-
ised and had delayed sex assignment. Contemporary sur-
veys of clinical psychology support that may be available 
for parents of these newborns report that many expert 
centres have ready availability of such professionals at an 
early stage following neonatal presentation [Pasterski et 
al., 2010; Kyriakou et al., 2016; Dessens et al., 2017; Rolston 
et al., 2017]. However, the current study is the first to pro-
vide objective data that quantifies the proportion of cases 
that were actually provided psychological support.

Along with pelvic imaging, more than half of the pa-
tients had biochemical investigations including urea and 
electrolytes, testosterone, anti-Müllerian hormone 
(AMH), and androstenedione within the first few days of 
life. Other studies have reported similar findings, with 
testosterone being the most frequently performed bio-
chemical investigation in this cohort of infants [Kyriakou 
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et al., 2016]. On the other hand, hCG and ACTH stimula-
tion tests are less frequently carried out, with these ‘sec-
ond tier’ investigations only being performed if concerns 
have been raised from the initial workup [Kyriakou et al., 
2016] in accordance with current UK guidance on the 
initial management of infants with atypical genitalia 
[Ahmed et al., 2016]. In comparison to the worldwide 
practice at expert centres [Kyriakou et al., 2016], the cur-
rent data suggests that AMH and urinary steroid analysis 
are assessed more often, whilst the hCG stimulation test 
is performed less often within the first 3 months of life.

The data reported in this study are also valuable as, for 
the first time, they provide information on the birth prev-
alence of rare conditions associated with a DSD that may 
present in a term neonate with atypical genitalia. Within 
the broad category of conditions that are associated with 
a DSD and present with atypical genitalia in the XX new-
born, CAH may be the most common single gene disor-
der [Khalid et al., 2012]. In the current study, it was inter-
esting to note that over the 7.5-year period of the study, a 
total of 9 term infants with atypical genitalia were diag-
nosed with CAH within the neonatal period. Based on the 
total study term birth rate of 321,811 infants, this suggests 
a birth prevalence of CAH cases presenting in the neona-
tal period at 1:35,757, approximately half of what has 
been previously reported through a neonatal screening 
study performed in the same geographical region [Wal-
lace et al., 1986] as well as more widely in the UK [Khalid 
et al., 2012]. This is likely to reflect the fact that boys with 
the common forms of CAH do not present with atypical 
genitalia in the neonatal period. The study also identified 
3 infants with CAIS,providing an occurrence of this form 
of presentation of 1:107,270. Taking into account that 
some cases of CAIS may present in adulthood, these data 
are similar to that reported in a population-based study 
[Berglund et al., 2016].

Conclusion

This novel study that has prospectively and systemati-
cally collected data over a period of 7.5 years has found 
that although atypical genitalia that raise some concerns 
and require investigations in the neonatal period may oc-
cur in 1:1,881 term births, specialist input is sought in 
1:3,318 term births, and delayed sex assignment is report-
ed to occur in 1:11,097 term births. The study provides 
several indicators that can be used as clinical benchmarks 
for comparing and improving the delivery of care in cen-
tres that manage these complex conditions.
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